Background and Purpose-Prehospital routing algorithms for patients with suspected stroke because of large vessel occlusions should account for likelihood of benefit from endovascular therapy (EVT), risk of alteplase delays, and transport times. We built a mathematical model to give a real-time, location-based optimal emergency medical service routing location based on local resources, transport times, and patient characteristics. Methods-Using location, onset time, age, sex, and prehospital stroke severity, we calculated odds of a favorable outcome for a patient with suspected large vessel occlusions under 2 scenarios: direct to EVT-capable hospital versus transport to the nearest alteplase-capable hospital with transfer to EVT-capable hospital if appropriate. We project lifetime outcomes incorporating disability, quality of life utility, and cost. Multiple parameter sets of center-specific times (eg, door to alteplase) were randomly selected within a clinically plausible range to account for the model sensitivity to these estimates; for each iteration, the optimal strategy was defined as the most cost-effective outcome (threshold, $100 000 per quality-adjusted life-years gained). After 1000 simulations, the most frequently occurring optimal strategy was the final recommendation, with its strength measured as the proportion of runs for which it was optimal. Results-Routing recommendations were highly sensitive to small changes in model input parameters. Under many scenarios, the recommendations for direct transfer to the EVT site increased with increasing stroke severity and geographic proximity but did not vary substantially with respect to sex, age, or onset time. 
I
n the prehospital setting, emergency medical services (EMS) personnel typically transport patients with suspected stroke to the closest alteplase-capable center (acute stroke-ready hospital or primary stroke center [PSC] ), most of which are not endovascular thrombectomy-capable centers (comprehensive stroke center [CSC] ). Yet some patients may benefit from routing past a nearby PSC directly to a CSC, at the potential cost of delayed alteplase administration.
Previous work has found that routing recommendations are highly sensitive to transport and door-to-needle (DTN) times. 1, 2 However, those studies assumed presence of acute ischemic stroke although, in practice, a patient's stroke diagnosis is unknown. 3 Furthermore, although prior models predicted likelihood of good outcome, the clinical difference may be negligible. Our primary objective was to build a mathematical model that simulates hypothetical patients with stroke-like symptoms in the prehospital setting to determine the optimal prehospital EMS routing strategy based on longterm outcomes, incorporating real-time transport times and geographical location.
We constructed a mathematical model to determine the optimal transport decision for prehospital routing of patients with suspected stroke. The simulation starting point is at the scene when the EMS provider first reaches the patient with the presumed stroke. Inputs are patient characteristics measurable by EMS providers and geographical location to inform real-time transit times to nearby PSC and CSC. PSCs and CSCs are modeled with separate distributions for DTN times, which affects all patients with ischemic stroke. Prehospital stroke severity is measured using the rapid arterial occlusion evaluation score which is strongly correlated with the National Institutes of Health Stroke Scale 4 and probability of large vessel occlusions. 5 The model output is a recommendation for initial transport to a PSC or CSC. The 2 primary outcomes simulated per strategy are lifetime cost and quality-adjusted life-years. Scenarios are compared using a cost-effectiveness approach with a maximum threshold of $100 000 per quality-adjusted life-years gained. To account for the model's sensitivity to center-specific performance (eg, DTN times), each scenario is run multiple times with randomly chosen time values within a plausible distribution; the final recommendation is the most frequently occurring optimal destination. The model is written in Python 3.6.1 (online-only Data Supplement). 6 Because the value of this model is in its application to specific patient scenarios, we selected a few varied hypothetical but realistic clinical situations in which the model might be used. For each vignette, we identified an approximate location for the scene of the stroke and estimated travel times to stroke centers (PSCs and CSCs) identified with Joint Commission certification data. Vignette inputs are summarized in Table 1 . Details about vignette map construction are provided in the online-only Data Supplement.
We did not obtain Institutional Review Board approval because no individual patient data were used.
Results
Our mathematical model provides real-time, location-based, optimal EMS routing destinations for patients with suspected stroke based on local resources, transport times, and patient 
Discussion
We report the development of a novel, comprehensive mathematical model that builds on prior published work with the addition of critical prehospital elements and economic and probabilistic outcome modeling. This more nuanced approach to the question of optimal prehospital EMS routing reflects a realistic approach to the real-world challenges encountered by EMS personnel. The model also allows for further refinement with actual hospital-level performance if these data become available.
The freely available open-source platform of the model also enables further use for academic and on-theground applications, for example in refining stroke systems of care that are fine-tuned to local environments. This model incorporates local resources (proximity of PSCs and CSCs), transport times based on real-time traffic data, and patient characteristics, including time of onset and severity of symptoms. Because our model is designed to give specific and actionable outputs for any given input scenario, it is specifically not intended to make broad generalizations about destination routing plans because the model clearly shows that the outputs are exquisitely sensitive to minor variations in the input parameters. An important finding from our model is that small changes in time from symptom onset or distance to a nearby CSC lead to significant changes in routing recommendations, as illustrated by the case vignettes. We presented the model outputs as specific case vignettes to demonstrate the ease of personalization of recommendations compared with simple uniform rules that are designed to be one size fits all. Our model has limitations, including reliance on sparse data for long-term outcomes, not accounting for emergency department crowding and the use of a single PSC and CSC in our algorithm. These limitations are further detailed in the online-only Data Supplement.
Our results are similar to prior work by Holodinsky et al, 2 who reported that transport decisions for patients with acute ischemic stroke were highly sensitive to transportation times between centers and to DTN times. Our version of the model adds these 4 additional key features: (1) it does not assume that acute ischemic stroke status can be determined with certainty in the field, (2) it incorporates the diagnostic uncertainty at the time of EMS transport decision-making and assigns probabilities of hemorrhagic stroke and stroke mimic diagnoses, (3) in contrast to previous studies focusing on goodoutcome probabilities, we used quality-adjusted life-years and costs to quantify differences between transport strategies and to provide a clear clinical interpretation to an otherwise mathematical and probabilistic answer, and (4) the open-source and dynamic nature of the model lends itself to incorporation of new data as it becomes available, such as institutional DTN or door-to-puncture times.
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